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CORRELATION METHODS*

J. Oouglas Balcti
Los Alamos National Laboratory

Los Alamos, New Mexico 87545

ABSTRACT

Correlation methods have been developed to
provide a qufck and relatively sfmple tech-
nique for estimating the perfomnance of
passive sslar systems. The correlations
are done with respect to “data” generated
frm simulation models. The techniques and
accuracies are described. Both the Solar
Load Ratio and Un-utllizabllity methods are
described. The adva~tages and limitations
of correlation methods as design tools are
discussed.

1. 1NTROOUCTION

It is now generally accepted that canputer
simaldtion analysis using thermal-network
type of mathematical representations of
ener

Y
flows Is an accurate method of pre-

dict ng the performance of passive solar
buildings, The analysis is generally $:!:

!
usln hourly solar and weather data,
is f ne if the designer has the canputer,
the capability, and the inclination to take
thfs approach. But even under the best of
circumstances it is costly aild time con-
wninq. Host desi~ners ask for simpler
techniques which are amenable to analysis
using hand calcul~tors tn which esttmates
can be generated in a few minutes. Corre-
lation techniques have merged as a prac-
tical prr%edur? which met these require-
ments dnd give reasonable accuracy,

2. CORRELATION METHODS

In a correlation technt que Onv seeks to
relate the results In tem of ona or more
correlating parameters (generally dimensfon-
less). Success fs much moro likeiy if the
correlating parameters chosen preserve sane
essence nf the overall hyslcs governln

E !tho energybalances, T e F-chart techn que,
which was +=Veloped at the Unfversfty of
Hisconlin for active solar systms, {s an

example of a correlation technique. In
this case two correlating parameters were
used. Independently, researchers at the
Los Alamos Scientific Laboratory developed
the Solar Load Ratio (SLR) method for
active systems which utilizes one corre-
lating parameter. Since then the SLR method
has been applied extensively to passive
solar systems and the University of Miscon-
sin has developed the Un-utillzability
Method for passive systems.

These mathodz have two things in ccmsmn,
They usc nwnthly Ue{ther data to predict
monthly performance, A month has been
f~und to be a particularly convenient tfme
interval, being long enough that statisti-
cal va-fations tend to average out somewhat
and short enough so that the basic weather
statistics are stationary. Furthermore,
only ei ht to twelve calculations are re-

!quired norder to predict annual perform-
ance. The predtctton of monthly perfr,mdnce
leads to relatively high standard” er;ors
(*8%, typicall~) but annual performance
predicted with a standard error of only
i2t, typically. This is perfectly ade-
quate fordest~u purposes, being signtfi
c~ntly less than the year-to-year variat
vnlch can b~ anticipated,

s

on

A ~econd cmnon feature of the methods Is
that the correlations a?e done us{n~ “data”
developed from hour-by-hour computer slmu-
latlons. In the case of F-chart, the TRNSYS
code was employed and for the passtve SLR
correlations the PASOLE code was empl led. .
Thus the correlation techniques are a
second-generation analytical procedure,
intended to give reasonably good correspon-
dencewtth the simulation analysis, Their
results are Intrinsically no better than

Ythnse obtained frwn slmu ations. The
correlation technfquec, however, requtre
200 to 2000 times fwer calculation to
crmplctc a yearly estimate and can be done
using only a four-function calculator.

Wrk perfonnad under the auspices nf the US Oepar*nt of Enorpy, Office of Solar
Applic~tions for Buildin@s,



3. CORRELATION TE

Tw different correlation methods will be
described, the Solar Load Ratio Methd
developed at the Los Almas National Lab-
Oratory and the Un-utilizability method
developed at the University of Hlsconsin.
The SLR method is qulta a bit ●asier to u?e
but is more restricted in the nusber of
different system parameters which can be
specified. The IJn-utilizability method can
be progrmmnad easily into amicrocanputer
and is mwhat smre general.

3.1 The Solar Ratio Method (SLR)

The SLK method has been applied extensively
to a vartety of passive systems. A differ-
ent correlation is required for each dif-
ferent p~ssive system configuration. The
mathti ;b the basis for the design @ch-
niques described in the DDE “Passive Solar
Design Handbook, Vol. 11, Passive Solar
Design AnalysisHl and the results are
being widely used within the passive ;olar
design camnunity. A variety of hand-held
calculator and microccfnputer routines have
betm written using the methodology and many
are for sale.

The porent set of ❑onthly performance data
for the SLR correlations is generated usihg
the PASOLE hour-by-hour canputer simulation
code. The method depends on the use of a
sin le correlating parameter (SLR) defined

!as ollows:

SLR . (solar ab$orbed)/(net reference load)

As ment;oned, the correlation time is one
month sc that each of the par#n@tars in the
above tfquation are for a ono~nth period.
Both the nunerator and darminator of SLR
are in energy units so SLR itself is di-
mensionless. Physically it relatesthe
nmttly solarenerw available to the
buildlng to the net load which wouldba
experienced by a cmpwable building
without th~ passive solar element.

The prtuseteruhich it correlated is th~
solar mevings fraction, SSF, defind as
fol 10US :

SSF ■ 1 - (auxiliary I/(net reforencc load)

The definition of the term used in these
two relations is important, but it is not
the PU?IPOSQ here to discuss this in detail.
rhe various tefms are defined intho
Passive Solar Design Handbook whert the
dilt!nctfons botwen various uaysof
estimating load are discussed. The key
point is that the solar Wings fraction
intended to identify the savin s dua to

!adding a particular passive so ar elment
on a building. The net reference load is

s

the heating requiranmts of the non-solar
elements in the building. This gives the
savings due to solar because in a non-solar
building presum~bly the Soldr ●lement would
be replaced with a nomal wall with the
normsl canplement of windows.

In fkveloping the correlations, 1 function-
al form was used which allows the selection
of fwr different coefficients. These were
adjusted in order to obtain a least-square
error in the annual solar savings fraction.

Typically the correlations aro done using
thenonthly results of hour-by-hour cal-
culations frcmmeny different cities with
four different values of building load
coefficient in each city. This gives a
reasonably diverse ensemble of “data”
points. Thr standard deviation of the
error in prediction of solar savings
fraction, capared to the hour-by-hour
simulations, is typically about 2 to 4%.

3.2 Reference Designs

The hour-by-hour simulations which are used
as the basis for the SLR correlations are
dent witha detailed model of the building
in which all of the different design pa-
rmneters are specifi~d. The only design
pararnter which is changed is the ratio of
the lazing area to the building load

!coef icient (the Load Collector Ratio,
LCR). Typically about fwr different
values of LCR ware chosen so that the
correlation shou?d adequately reflect
variations in this key parameter.

The correlations do not allow the designer
to estimate performance variations due to
changes in on of the meny othop design
parameters. f hus the correlations ralate
only to the raference design usad in the
simulations.

On@ WY to overcome this difficulty is to
use sensitivity calculations which have
been tine using the hour-by-hour simulation
codas. The procedure is to perform a
series of year.lon simulations for

!different values o one of the design
parameters, holdin all othar parawters at

!the r~ference leve . These results are
generally presented in graphical form and
allow the designer to s~e the effect of
changing ont particular design parameter.
This procedure is followed for each of tht
different d~sign arametcrs. Amejor part

rof the Paisive So ar Desi n Handbook is
!taken up with such sensit vity studi~s for

th~ direct gain and thermal storage uall
systems.

Another possibility is simply to provide
enoufih different SLR correlations for dif-
furent selections of Lesi n parawtars that

?on. can cw reasonably c ose to the



lntencmd design or braCke L the calculation
wftl? two SLR estimations. TMs approach Is
quite practical. Since the publication of
the “Passive Solar Design Handbook” the
number of correlations which have b-n de-
veloped has been ●xpanded frm the original
six to 94 different configurations.

Nine different direct-gain correlations
have been &veloped representing different
nmbers of glazings, different valm of
storage surface-to-glazing area ratios, and
different wall thicknesses. Fifty-seven
different themsl storage well correlations
have been developed representing Trcmbe
hG;-I and titer w1l, use or Mn-use of night
insulation, different nmbers of glazings,
use or non-use of a selective surface,
d~fferent Trasbe wall thicknesses and
themsl conductivities, different ~ter
wall masses, and both vented and unvented
Trombe wells. TWnty-eight different
sunspaco correlations have bean done rep-
resenilng three different configurations,
glazed and unglazed end walls on the linear
Configurations, use or non-use of night
insulation, and masonry WS1l orwlter drum
storage, The availability of these differ-
●nt correlations should satisfy mst of the
concerns which have been voiced about the
limitations of the SLR technique.

ik ~hould be noted that the form of the
corr~’ations has b@en nmdified slightly to
provi~ for a nmre flexible definition of
the sunspace geonmtry in order that both
the building load coefficimt and the sun-
space load coefficient call be entwed
separately.

3.3 Example of SLR Correlations

As an exrnple of the correlation resultt,
the following raphs gtvt the simulation
results (Fig. ? ) and correlation accuracy
(Fig. 2) for one reference design, the case
of an attached smsptce with sloping glazing
(S0 degrws; , mssonry thermal storafle be-
tween sunspace and hous , opaque ●nd walls,
and no nioht insulation.

3.4 Direct-gain Report

A report describing the msjor amount of
work accanplished on direct-gain syst~,i
has been written by William Wray and is in
the publication pipeline at Los Alamos.2
It should ba available in the near future,

3.5 The Un-utfli zabi!ity Hethod

The Un-uti lizability design method deve;oped
-t the University of Niaconsin waa origin~!-
ly applied ~b~;e~t- ain syst-s and more

!
;;;;!P i; this m$ie;h~%~l~~~age
age auxiliary ●ner~ requirements of a
building are estimated using upper and lower
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Fig. 1, knthly SSF vs SLR’. The
different letters refer to different
cities.
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Fig. 2, Compariwm of annual SSF
estimated by SLR method and c~lculated
by simulation. The standdrd deviation
of the error is 0,032 over an ensemble
of four LCR’S each in 24 cltfes,



theoretical lladts to system performance.
An aplrical correlation is presented for
the fraction of the load met by the thermal
storage well for systems that fall between
these two bounds. An 4dvantige of this
method is that ft offers a much larger
range of design parameters.

The lcwer limit on auxlllary energy use is
hen the building has infinite thermal
storage capaci~. In this case all of the
net solar gain can be used at sane point
during the month.

The other ext~~ Is a hypothetical
building having no energy storage capacity
in either the building or the thermal stor-
age wall. This case represents the upper
limitof actual auxiliary energy use. The
equations for both the upper and lower
limits are relatively sfmple (capared to a
simulation, for emple).

~ce these two limits have been established
then the performance of the actual flntte
thermal capaci~ system can be determined
usin a correlation, An eaemple of the

!resu ts for this method taken frus Ref. 3
is shwn in Fig. 3. Inthisfi ureF is

?the solar savings fraction, F- s the fnfl-
nite thermal capacity result, and Y is the
ratio of the storage capaci~ of the build-
ing and wall to theener

P’
which mstbe

dunped in a buildinghav ng zero capacity.
The correlation for F can be represented
either gra hlcally as fn Fig, 3 or

ranalytical y.

1,

F“

o

Ffg, 3. Un.utilizabil~ty Correlati on.

The authors of the Un-utilizabllfty method
hav~ cmpared results with the SLR tech-
nique by settinfi th~ system parmeters to
be the acme, This cmpariaon sham that
the auxfliary energfeo predtcted by the two
techniques are extremely tlo~t.

4. PERFORMANCE TABLES FOR PARTICULAR

Since the correlation curves are developed
using weather data from a variety of dif-
ferent locations, these curves can be used
in locatlons uhlch have a climate type
encanpassed by the orlgindl grouping of
cities. However, an annual solar savings
fraction calculation involves sumnlng up
the results of twelve monthly calculations.
For a particular city the results depend
only on the ratio of buildlng load to
collector area (LCR), on the systm type,
and on the temperature base used in the
calculation of the degree days. Thus it is
possible tomeke up tables for a particular
city which relate the solar savings frac-
tion to the LkR for the various systems,
assuming one particular base temperature.
These tables arenmch easier to use than
the SLR correlations.

LCR tables have been made up for216 dif-
ferent locations In the U.S. and southern
Canada based on the SOLMET weather data.
These are published in the Passive Solar
Dasign Handbook, Appendix F, for direct

!
ain and thermal storage wall systems.
hese Ubles form the basis of a simplified

design procedura described in the Handbouk.

5. MIXEO SYSTEMS

A simple methodology h~s been developed for
dealing with mixed systems when using the
SLR method. The technique treats the house
building load coefficients if it were
divided into two portions in the same ratio
as the relative glazing areas of the two
patsive system types. Tkts amounts to the
Simple assumption that each of the system
types serves a portion of the loed with no
exchan~a of heat across an imaginary bound-
ary within th house, Normally cne would
expect that bi.,,.:ers which do take place
would be beneficial and therefore the cal-
culations based on this assumption might be
amwhat conservative,

6, PERFORMAWE VARIATION DUE TO LIVING

All of the slnwlation analyses used to
develop the correlations are based on a
building which is used fna wry specific
and regular manner. The auxiliary heating
thermostat is assumed to be set at a par-
ticular fixed level [generally 65F). A
10F float~n band is assumed, If the

?temperature n the hwse exceeds the thermo-
stat sett~ng b more than 10 F then it is

iassunwd that t e ●xcess energy is vented so
as to wintain the temperatur~ less than or
equal to the uppw setting, This energy {S
not stored and is therefore lost.
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It is -11 known that the msnner in which
the house is operated greatly affects the
energy consumption. The themostat setting
for aunllltiry heat is by f~r the most Isb
portant affect. This shmvsup clearlyin
the se,wi:ivltyanalyses. For ●xmple, e
themostat settingof 70F (uhichmlght
correspond to a degree day base temperature
of 65 F, accounting 5 F for the effect of
internal generation) might result In an
auxiliary heating requirement of 8.2
■illion Btu/yaer for a 1500 sq ft house In
Dod eCity, Kanses.

i
This is e house design-

ed or 713t solar sevlngs frectlon (the ex-
mple problem In the Passive Soldr Design
Handbook). If the thensostetuere set at
75 F instead, the auxiliary heating muld
be 14.2 million Btu; or, if the thermostat
uere set st 60 F, the auxiliary heat needed
wouldbe about2.2 millionBtu/yeer.

Ther~fore, In Interpreting the results frm
monitored buildings, rr in predicting the
perfonance of new buildings, one must be
verycarefulto spe:ifythe operating
conditions.

Other operating characteristics of the house
can also be Important, such es, 11 If mov-
able insulation is provided for the house,
then it Is fmportent to know how it Is
operated, 2) o family with many smallchll-
drenmy experience lerger Inflltretion due
to multlple door openings, 3) a house with
doorus~s connecting between the living areas
and a sunsphce mlqht be much morn canfort-
ible if some ettent~on is paid to the ap-
propriate opening end closing of these doors,

7. Df.CIDING BETNEEN CONSERVATION AND

A simple technique has been developed uhfch
cm be used to ~twmine the opkimum ❑ix
bet-en canservttion end soler strttegios.4
In order toobtafn in ens-r, the cost
Characteristics of both the passtve solar
apertureend the ●nergy conservation fea-
tures #re waled. This infometionwfll
generally be In the fornof the cost per R
per sq ft for tht wall end celling insula-
tion, the cost per dddltional glezingfor
uindms, the cogt of reducing lnffltratlon
(including the cost of eddin in elr-to-mlr

Iheat recoverywit if needed end elso the
cost Fer sq ft for the ptsslve solercol-
lectioneperture. Given thfs Information
the met!lod provides sfmle “qustions which
can be used to trace wt the optimm-mlx
line for e particular locele.

Their accuracy is generally adequate for
design purposes provided they are applied
to buildings which correspond reasonably
closely to the reference designs used In
Aveloping the correlations. The ❑ost
simplified correlation procedures me
amenable to use with hand calculators,
●specially If pre-calculated tables are
available correspsz$!mg to the weather data
for the location of interest. When report..
ing the results of these calculations, the
designer should beespeclally careful to
specify the range of valldity of the analy-
sis, especially as pertains to both oper-
ating characteristics and design par~ters.

Correlation techniques areespaclally
emnable to use In mlcrocanputer routines
uhich can be used in a design office. Very
quick ansvmrs can be obtained during the
schasatlc design and design dwelopment
phases ofa building toald Indeclding
bet-en different desl n options. This

?would include trade-of s between various
conservation optlonr and passive solar
options.
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8, CONCLUSIONS

Correlation Mthodsof ptidiction have ad-
vantagesin greatly simplifying the the
and cmplexity of performance predictions.


